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. Syximme SRMES -
Suhgystwr: ELECTRICAL SUB-SYSTEM
Azcembly Desc: Servo Power fmpltfier

Part Nigmnber(s): S1140F 11773 SU140F1T7 .6
s
Funciion: Motor Drive Amplifier Azcambly Proviges moter volage bassed on demand from tachomster aleciranics,
Lommutaiec the motor drive voltag.  Provides hardwara currant Smiling, brake
drive, glirect drive functions and snables Bacsup diive. Proviges BITE circuits ang
BITE verification kor MDA,
Fuilure Mocs: | 085 of or Ermanedus Currgnt sensing.
HW Fung. Screen Fallurgs
T Griticamty: 2 1R
Mission Fhase: Orbd
Gause(s): WMotor Drive Ampifier AEsamiy Cuirrent sermar FRGA POR falled attha.

Lows of or simonequs cument Sanig

Failure afTect on
unitlend tem;
Eronsaus mokr current data provided to micmeomputsr for sontrol loop computations. TGO BITE will deferd errersous motcr corrent data
unng cUMert semgor phess SUMMBUCOR OF CUTENt sensor 2ero offast keg. MCIU auobmkes.  Motor curnent dats and forwaratschkdra flag
. may ba comupt. Possible loss of 8l Reigy BITE, Brake BITE and MDA Damang vValtage switch BITE. '

Worst Cage; Uneapecied motion, Joint nanaway. Actobrakes

Redundant Paths: Autobrakes (ko Safe the System),
Direct Cirlve,
Backup Ciiva.

Etention Ratienale

Diesign:

The design itilizes proven et bechnioues and ls mplemented using CMOS logic devioes. CMOS divitus opengte at kow power and hence
du Nt experience Mg opamiing st The technoiagy i mahue, and devios reliabifity hedtory & well documanted. Al strecess s
adtonally reduced by deriting the sppropriste paramstars in accondance with SPAR-RMS-PAOKY. Eparial handling precautioms ane ysed st
i stage of ranufactune fo prechuce damagwsirees Jun b Secirnetatic dischanme.

Fisld Programmabés Gate Arays (FPGA's) and the Error Detection 4nd Cormeation (EDAC) ank sors-amiom microcircuite In which the baglkc
desagn hngtional slements are designed by tha manufacirer. The Imerocnnection of Lurse sements & then cusmmorsd by SEEar 1o provige the
functionality of the complsted microciroult. Tre deeign Ullizes proven siccu tachniques and is impismantsd wung CMOS fechnclogy. This
Inchnoiagy operatas 31 Kw posser and hancs the devics does not experiencs siqnificant cperabng stresses. The teehaology ia mutum, and the
basic device relinbiity is well dooumented. Al shreases are additionally reduced by dermting e approprials paramelacs in Lecarcarss with
SPAR-RMS-FA 003 and vermiad Dy Gaskan reyiew.

This approach has a significant acvaringe in thet i mduces the quantity of disoreta parts required in the asaamdbly and atee the comphexity of
the PWE and results in algnificant waight and wvoluma sawngs. This type of sami-custon part kas baen sucorsshully used In obwe space
applicaiiens,

Erhupuuamqmlﬂudluhmmuﬂhupﬂcﬁupwm.Mnim ECreancd and Burried in 1o v reguiremants of thie
Spar requirsmets cooument.
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The 5PA board is fabricated using Surface Mount Teshnoltgy (3MT). This is a PYWE esaembly achnokegy in which the tompanenis X
solderad to the soider pada on the surface of the FWE. The sissificant advaniage of this techuinlogy is ks enabie the parts on the bosrd i
mora dencely packed, o recuse o overall volume and weight of the assembly,

The assanbly process @ highly sutemated. The pans are mounted oo the Bosids using a earputer cartroled "pick 2nd plce” mEchina The
subssgquent soldering vpralian s performed using a befl furnece, In which the time and Temperaiurs Hearma) pralila that e PYWE aEambly in
s PCRAT 10 5 Nl controlled and optimzed 12 srsure peoper part scldering altachment. The assembly |s manufaciursd under documemed
procedures. ard quality omrols, Thess canbols are exercised throughout tha ascMThly, inspecton and testing of the unit. This Inspection
Irelucas workmenship, component mounting, sofdaring, and cotformal easting lo ensw that |t |3 in &tcordance with the NHE 5300 standams.

Tre SKT ling used for the SPA PYWE assambly has whcdergone a full Qualification program, and aysemblies produced on i line are wesd In
atfer Sparg pEgrams.

T circutt board design has been reviewed In ansure agequate condeter width and eeparation amd ko confim appropriate dirandions af
Solder pad end of component held provisiens. Parte mounting methods e cantroded in 3coordance with MSFC-STG-1 SdA, MBFCETD-1238
and S430 2873751, Thess documents reguing approved MoUnting methods, stress rksf and Componant segurity,

Taxt:

QUALIFICATION TESTS - The SPA | subjected to tha follorwing quakication teating:
WVIBRATION: Each mds of tha Qb Is subjesied o Flight Astepibance Vibration Taat {FAVT), Oualification Accaptance Vibration Test (QAYT),
and Qualification Vibration Tests (VT In accondance with the SPA Vibmation Tes: Procedurs (B2E588). The leysd and curalion for FAYT is a6
Par Figura 6 and Taike 2 of SMESAE: e lpyel 2nd Suration for DAYT m ae per Figune 7 and Table 2 of 825505 the level and durtion for QYT s
8 per Flgure £ and Table of 320588 At the end of i thres succrasha mndom vibfation tes in awch axiy, both difections {+-) of emch of tha
min g subjected to a shock pulae hest 2% per Flgure B of 828888,
THERMALAVACUUM: QM TVAC Tagt Is in sotordance with Figure 5 of the SPA TVAC Test Procedure {B2E58E), with full
Functiensl/Parameirie Test performed at jevels of +50 dagress C ared =35 degrees C, and non-operating at 54 doqrees C. The Cualfication
vacuum liveta duning TVAC i5 1 X108 torr or [ess, Tha total bt curmtion i 7 1.2 eyedos, The QM SPA s subyected tn a minimum of 1000
hours of Lif testing and 4000 power On-OfF cyclas. .
EMC. ‘Tha QM is subjetted it EMC Testing (teats CEDIICEDS, CED7, CA01, £502. £505, REDZ, RS2 and R303} in accordance with the
SFA EMC test Progedure (B26477) basad on MIL-STO-G6TA, .

UNIT FLIGHT ACCEPTANCE TESTS - The FM SPA iz subjsctid to the Following acosptance testing:
VIBRATICN: FM Accaptance Vibration Test (AVT) I acoordanca with tha SP& Vipraton Test Procodirg (B2, with bevel and duralion as
per Figura 8 and Tabke 2 of B2E5EE
THERMAL/VACUUM. FM TVAC Tast is In accorgande with Figune 8 of tha SPA TVAC Tast Prooedurs [ECREAE, with vais of +45 deg
and -25 degress C for a dumten of 1 1/2 cycles. The vacutm havels during Acceptance TVAG Tesl Is 12105 b or s, mi

JCINT SRS TESTS - The SFA |5 testod ws mart of tha jormts (amblent and vitriion Lagts naly}, The smblant ATF for Ihe Shoukser Jeimt,
Etbow Joirt, and WriEt Jalnt are: &3 par ATP 2001, ATP 2003, and ATE_ XS respeciively, The wibration test for the Showider Joirt, and Elbow
or Vins Joint ars as per ATP. 2002, ATP X004 and &4 TP 200G mspacthely. Through wire funation, Lomtrudy and sisctirzal isolation tests. are
parfarrmed per TP 243,

MECHANICAL ARM REASSEMELY - The SPAw Jonte undama 3 mesharcal amm intagraion siame whers slecthical chagks are parformad
par TR 2207

MECHANICAL ARM TESTING - Tha auigaing spit-amm is configured on the Sirongback and Hha Manizuiator Amn Checkout is performed
per ATP. 1923,

FLGHT CHECKOUT: FORS QF3 Checkout (3l venicks) J5C 10947,

Inspection:

Linis ara manufaciured under docurnented qualty contrals. Thess santrsls are sxercizsd throughout design procuremart. planning,
neceiving, processing, fabricaticn, assembly, Lesting and shipping of the units. Mandatory wcspaction palnts ae emploved 3t vanous stages of
fabrication. assembly, 3nd lest. Covaifrmant Souros imspastion & [nvwiked ot various cartro! (evefs, _

EEE paris inspection 15 performed as requlred by SPAR-RMS-PA.O03. Exch EEE part ie quaiined at the part keve tn the raquirements ef tha
applicable specifization. Al EEE pans are 100% scresned and burmed-in, ou 4 meimium, as requirsd by SPARAMS-PADOY, by the supplier.
DFA is perfommad as required by PADX3 on a Andomiy seiected 5% of parts, mmdmeum 5 pisces. mirdmum 3 peces for each ket number/date
code of pans received, All savity devices are aubjected bo 100% PIND. Wirs 2 precored bo specification MILAY.22753 or MIL-W-§1381 and
imspetted At testad to NASA JSCMB0B0 Standsand M D94

Receiving inupection: varifies thrt all past recahwed are 2 kentifisd bn the procumment documents, tht ro physical damace has ocourred bo
parts during shipmant, thwt the recshing dooumerts frovdds jeimp e irateldily irormeton and scraaning dath cheary dantifiss accsptanis

parts.,

Parts ans in manaciune and assembly i approprate to the rmaruiecturing Stags competed, Thess Inspections includs:

Frinted Wmﬁn for track separation, darmage and adequacy of piated thiough hoks, comporel rountitg irmpaction ko
comect soldering, wire loaping, srapping, ¢te. Upefators and inapectors are trained and oertified to NASA NHE 5300 4{3A-1) Standard.
Canflarmal coating irspection for adequete prodessing is performed waing ulrayvioled Iigh_'t bechnigues. P.C. Eﬂa_'d irstalathon nggeciion s
ehigticg bor gt Board sataliinn, alpnmend of boards, prape anrecior comtet mating, wis frting, sirapping of wiree etc. Pogt P.C.
Board instaiisbion nspecton includes cli@nines &1d workmarshp (Sparigévernrmant b, mandsiony inspaction pgint).

repared:  185epdG by Fung, Bl RMS/ELEC - 654 Supersedes: Nib
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Unit Pre-Acceplance Tasl inspochion, which includss an audt of lower ier mEpection sompletian, as buit sorfiguration verfication ta ax
. design etc (mandatory mspect|on pointh. A wni Test Readiness Revisy {TRR} whicn Inciudess venfication of est personnal, jest derurmants,

tedd quipment catibeatansalidation status ang hardware conRguration is sonvansd by QA in conjurestion with Enginmaring, Reftablity,
Configuraisn Cortral, Supplier 2 appheatds, and the Jovemment reprasaniaiive, prior 1o lhe start of ary fofmat legting (Acseptanes ar
Qualification). Linit kvel Aoceptance Testing (ATP] inciudes ampien pertarmanca, thermal and vibralion tegting {Sparigovenment rap.
mandatary inspection point).

irtagranon of unit to ford SRL - Inspections includs graundirg checks, connectars for bent or pushback confacis, visual, cleaniness,
misreonnect wiring and power up bt i e appropriate Jolnt [rapection Test Procedurs {ITP}. Joint bvsd Pre-teceptance Test Inspection.
Includes an audit of Jower tier inspeclion comphstion, a8 bulll canfiguration verfication b as design M. Jai level Arcaptance Teeling (ATF)
includes ambwrt and vigration issting (Spargovermment rep, fnangatony inapection paint),

Macharical Arm Regyrambly - the IFegration of mochamical arm subasasmbdies t fom the aesambled MR, Inspections are performed at
each phase of integration which inchudes electrioal checto, though WiNng chedis, waring routing, intentata sonnadlors for bent or pushback
cancts at=. Mechanical drm Tesling - Strongbazk and Mat Roor ambiont performance lest (Spariyomemment fep. MENCAtary SRastion poit).

CMRSD Offline; Powor.up anm. Vrtty no TCO BITE e,

OMRSD Oniine  MNare.
Instalation:

GMRED Online  Powmr-up arm. Vesify na TCO BITE errors. -
Tumaround: .

Scaeen Fallure: A Pase
B: Pasa
G! Ages
Cresw Traing: The orew will ba trained 10 hvays obserus whather the 1 I responding praperly b commands. I it lar't, apply brakes.
Crew Action; Select Divact Qrive, Single/Direat Drive switch showid be puised t maintain praper rtes,

Jperational Effect Canmt use computer supportsd modes Autnbrakes. Simct Drive and Backup available” Arm will nol stop automaticalty if Failure of the auto
Erakis system has previousty ocouTed. Brakes can e applied Ly,

Miggion Opirala under vemier rabes within appradmately 101t of siruchune, Tmammmumhmmm|mmrﬁwmmmm
. Constraints; sommands via window andfer CCTV views during all anm opermiions. Auta brajectonian must be desigrad to =ame NG closer than apptadmay

provali:

netional Group Haima Pagition Talephons Oate Signed  Status

FIneer Hiltz, Michae) | SPAR-BRAMPTOMN Syeteme Enginear 4534 Cétaran Signed

@hility Malgaard, Lena 7 SPAR-BRAMPTON  Rellabiity Englneer 4500 DERArma Signed

gram Management Offic  Rice, Cralg / SAAR-BRAMPTON Technical Program Mansger 45352 enarsa Slgred

mystern Manager Glarn, George ¢ JSC-ER AME Subsystemn bManager {261} 4831516  30Mase Signed

Hnical Manager Allisan, Ran ! JSC-MVE _ RMS5 Froject Enginesr JSC (P12 4629072 DdApetis Signed

T Bhiisnst Rimipaied  Loon, DRADJTIL - plets BT Trmd Encavssr (v WI-18T  Ta mmar 2T S
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